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The first total synthesis of anatalline, cis-2,4-di(3- pyridyl)piperidine 1, an alkaloid from tobacco plant has
been achieved.
Tobacco plant (Nicotiana tabacum) produces several
alkaloids, out of which nicotine is most widely stud-
ied because of its abundance and physiological prop-
erties/. Kisaki and co-workers ' isolated anatalline 1
from the roots ofthis plant and assigned the structure
as 2,4-di(3-pyridyl)piperidine on the basis of spectral
data and chemical transformations. However, they
did not assign the relative stereochemistry of 2,4-
pyridyl rings. Anatalline 1 is fairly widespread in all
Nicotiana species". Herein, we report the first total
synthesis of anatalline 1and assign the relative stere-
ochemistry of 2,4-pyridyl rings as cis. The route
follows a general protocol which we have developed
for the synthesis of 4,6-diaryl-2-piperidoness.
The synthesis of anatalline 1 is shown in the
Scheme I. Aldol condensation of 3-acetylpyridine 2
with 3-formylpyridine 3 under biphasic conditions
resulted in the known chalcone analogue, 1,3-di(3-
pyridyl)-2-propen-I-one 4 in over 90% yield". When
the condensation reaction was conducted in ethanolic
potassium carbonate, the desired compound 4 was
obtained in only 25% yield and the major product was
1,3,5-tri(3-pyridyl)pentane-l ,5-dione 5 (60%)6. The
chalcone analogue 4 was then treated with the anion
generated from diethyl malonate in Michael fashion
to furnish the corresponding ketodiester 6 which was
subjected to monodecarboethoxylation with sodium
chloride, wet dimethyl sulfoxide reflux" to yield ke-
toester 7 in 80% yield. Reductive amination of 7 via
its oxime"derivative 8 and subsequent reduction with
nickel(II) chloride and sodium borohydride/ resulted
in chromatographically inseparable diastereomeric
mixture (1: 1) of cis- (9) and trans- (10) 4,6-di(3-
pyridyl) piperidones in 85% overall yield. However,
repeated fractional crystallizations furnished highly
enriched cis-t 9) and trans-(10 ) isomers. The struc-
ture of trans-piperidone 10 was assigned unambigu-
ously on the basis of X-ray crystal structure analysis".
Reduction of enriched sample of cis- isomer 9 with
lithium aluminium hydride in THF reflux and further
chromatographic purification resulted in anatalline,
cis-2,4-di(3-pyridyl)piperidine 1 in 35% yield. Syn-
thetic sample displayed spectral (IR and IH NMR)
data in agreement with the literature values '. Confor-
mation of the relative stereochemistry of two pyri-
dine rings in anatarline as cis was provided by its IH
NMR (300 MHz) spectral analysis. The C2ax-H of
anatalline which appeared at 3.75 ppm as double
doublet, showed axial-axial coupling of 10.96 Hz to
C3ax-H and axial- equatorial coupling of 2.19 Hz to
C3eq-H respectively. The C4ax- H which appeared as
triple triplet at 2.75 ppm displayed axial- axial cou-
pling of 11.93 Hz to C3ax-H and Csax-H and axial-
equatorial coupling of3.65 Hz to C3eq-H and C5eq-H
respectively. Therefore, the relative stereochemistry
of 2,4- pyridyl rings is cis. Experimental coupling
constants agree well with the theoretical couplings
obtained on the stabilized conformation of anatalline
1 as generated from molecular mechanics calcula-
tions!". Reduction of enriched trans-isomer 10 re-
sulted in trans-2,4-di(3-pyridyl)piperidine 11.
Thus, we have reported the first total synthesis of
anatalline 1 and assigned the stereochemistry of2,4-
di(3-pyridyl) rings as cis.
Experimental Section
Melting points were recorded using Gallenkamp
apparatus and are uncorrected. IR spectra were re-
corded on a Perkin-Elmer instrument, IH NMR and
l3C NMR spectra on JEOL 60 MHz, JEOL 100 MHz
and lEOL 400 MHz, and Brucker 270 MHz or
Brucker 300 MHz instruments using CDCb as sol-
vent and TMS as internal standard. High-resolution
mass spectra were recorded on Finnigan Mat 8230
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i) 87. oq. K2COJ• (C2H5hO. OOC-->200€ ii) CH2(COOEth. Bo(OHh. EtoH. rt
iii) NoCI. H20. DMSO. reflux iv) CHJCOONo. NH20H.HCI. MeOH. reflux
v ) NiCI2.6H20. NoBH4• MeOH, rt vi) LiAIH4' dry THF, reflux
mass spectrometer with a 70 eV ionisation energy.
All reactions were monitored on TLC (Neutral alu-
mina). Dry solvents were prepared before use follow-
ing literature procedure.
1,3-Di(3-pyridyl)-2-propen-l-one (4). To a mix-
ture of 10% K2C03 (7 mL, 5 mmoles) in ether (15
mL) at O°C, 3-acetylpyridine 2 (0.484 g, 4 mmoles)
was added and the mixture stirred for 15 min and then
3-fonnylpyridine 3 (0.428 g, 4 mmoles) was added
dropwise. The reaction mixture was stirred for an-
other 2 hr and then allowed to attain room tempera-
ture. An yellow solid settled at the bottom, which was
Scheme I
extracted with CH2Cb (3xl0 mL). The combined
organic layer was washed with water (15 mL), brine
(10 mL), dried (Na2S04) and concentrated to give a
chalcone analogue 4 (0.756 g; 90%) as a pale yellow
solid, m.p. 120°C; IR (KBr): 1665, 1660, 1580, 1320,
1300, 1050, 790, 690 ern"; IH NMR (60 MHz): 0
7.22-9.2 (m, 10 H).
Aldol condensation of 3-acetylpyridine 2 with
3-formylpyridine 3 using K2CO)!EtOH. To a so-
lution of 14 mL of 10% K2C03 (10 mmoles) in 15
mL of EtOH at O°C was added 3-acetylpyridine 2
(1.21 g, 10 mmoles) dropwise and the mixture stirred
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for 15 min. Then 3-formylpyridine 3 (l.070 g, 10
mmoles) was added portionwise during next 15 min.
The resulting mixture was stirred for 3 hr while being
allowed to warm to the room temperature and then
extracted with ether (3 x25 mL) 'after diluting with
water (25 mL). The combined ethereal layers were
washed with water (30 mL) brine (20 mL), dried
(Na2S04) and concentrated. The brown residue was
purified by column chromatography on alumina us-
ing chloroform/methanol mixture (98:2) as eluents to
result in chalcone analogue 4 (0.55 g, 26%) as a pale
yellow solid and the diketone 5 (l.05 g, 60%) as a
colourless solid.
1,3,5- Tri(3-pyridyl)-1,5-pentanedione (5). m.p.
168°C; IR (KBr): 3030, 1690, 1580, 1475, 1420,
1360, 1275, 1240, 1220, 1040, 1020 ern"; IH NMR
(100 MHz): & 3.40 (dd, 2H, J=7.8, 4.1 Hz, COCH2),
3.6 (dd, 2H, J=7.8, 4.2 Hz, -COCH2), 4.1 (m, IH,
-CH-Py), 7.18-9.16 (m, 8H, Ar-H); l3C NMR (25
MHz): & 33.94 (C-3), 44.38 (C-2 & C-4), 123.60,
123.74, 13l.83, 135.33, 135.88, l38.69, 148.40,
149.16,149.53,153.78,196.61 (C-I & C-5).
Ethyl 2-carboethoxy-5-oxo-3 ,5-d i(3-
pyridyl)pentanoate (6). To a suspention of activated
Ba(OHh (0.40 g, 2 mmoles) in 15 mL of absolute
alcohol at room temperature was added diethyl
malonate (l.6 g, 10 mmoles) dropwise and the mix-
ture stirred for 10 min. The chalcone 4 (2.1 g, 10
mmoles) was then added to the reaction mixture in
one lot and the resulting mixture was stirred for
further 12 hr. The reaction mixture was centrifuged
to remove Ba(OHh and concentrated under reduced
pressure. The mixture was diluted with water (20
mL) and extracted with dichloromethane (3x20 mL).
The combined organic layers were washed with
water (10 mL), brine (10 mL), dried (Na2S04) and
concentrated. The residue was purified by column
chromatography on alumina (elution with CHCb) to
afford diester 6 (3.66 g, 97%) as a colourless solid,
m.p. 78°C (Found: C, 64.81; H, 5.89; N, 7.51.
C2oH220sN2 requires C, 64.85; H, 5.99; N, 7.56%);
IR (KBr): 2980, 2940, 1745 (br), 1690, 1582, 1440,
l365, 1280, 1230, 1030 em"; IH NMR (270 MHz):
& 1.04 (t, 3H, J=6.9 Hz, COOCH2CH3), 1.24 (t, 3H,
J=6.8 Hz, -COOCH2CH3), 3.56 (dd, IH,J= l3.9, 4.4
Hz, -COCH2), 3.83 (d, IH, J=12.1 Hz, -COCH2),
3.98 (d, IH, J=7.3 Hz, CH(COOEth), 4.15 (m, 2H,
-COOCH2CH3), 4.21 (m, 3H, -COOCH2CH3 and
CHPy), 7.18-9.11 (m, 8H, Ar-H).
Ethyl 5-oxo-3,5-di(3-pyridyl)pentanoate (7). A
solution of the diester 6 (1.48 g, 4 mmoles) in DMSO
(5 mL) and water (0.14 mL, 8 mmole) was heated to
160°C with NaCI (0.23 g, 4 mmoles) for 6 hr under
nitrogen atmosphere. The reaction mixture was
cooled to room temperature and diluted with water
(10 mL) and extracted with CHCb (3x20 mL). The
organic layer was washed with water ( I0 mL), brine
(10 mL), dried over Na2S04 and concentrated to a
dark brown liquid which was then purified on alu-
mina column by eluting with CHCb to afford mono-
ketoester 7 (0.958 g, 80%), m.p. 68°C (Found: C,
68.36; H, 5.94; N, 9.28. C17H18N203 requires C,
68.44; H, 6.08; N, 9.39%); IR (KBr): 2960, 1740,
1670, 1605, 1585, 1475, l325, l300, 1260, 1235,
1050 ern"; IH NMR (100 MHz): & 1.l6 (t, 3H, J=4.5
Hz, -COOCH2CH3), 2.82 (m, 2H, CH2COOEt), 3.39
(m, 2H, -COCH2-), 3.95 (dd, IH, J=12.2, 3.6 Hz,
-CHPy), 4.1 (q, 2H, J=6.3 Hz, -COOCH2CH3), 7.29-
9.15 (m, 8H, Ar-H).
Methyl 5-oxamino-3,5-di(3-pyridyl)pen-
tanoate (8). To a solution of mono-keto ester 7 (0.298
g, 1 mmole) in 10 mL methanol, was added
NH20H.HCI (0.280 g, 4 mmoles) and CH3COONa
(0.082 g, 1 mmole), and the reaction mixture heated
under reflux for 3 hr. The reaction mixture was then
basified with NaHC03 (PH 8) and the methanol
removed under reduced pressure. The residue was
dissolved in CH2Ch (50 mL), washed with water
(2x10 mL), brine (10 mL), dried (Na2S04) and con-
centrated. The crude product was purified by column
chromatography on alumina (elution with
CHCblMeOH) to afford the oxime ester 8 (0.285 g,
95%) as asolid. m.p. 82°C (Found: C, 64.21; H, 5.65:
N, 14.16. C16HI7N303 requires C, 64.19; H, 5.72; N,
14.03%); IR (KBr): 3300 (br), 3020, 1740, 1590,
1425, 1265, 1150 ern"; IH NMR (400 MHz): s 2.75
(m, 2H, -CH2COOCH3), 3.21 (d, 2H, J=4.8 Hz, -
COCH2-), 3.50 (s, 3H, -COOCH3), 3.55 (m, IH,
-CH-Py), 7.1-8.8 (m, 8H, Ar-H).
cis- and trans-4,6-Di(3-pyridyl)2-piperidone (9,
10). To a stirred solution ofNiCh.6H20 (0.12 g, 0.5
mmole) in 10 mL of MeOH, NaBH4 (0.037 g, I
mmole) was added portionwise to get a porous black
suspension. To this stirred suspension the oxime 8
(0.285 g, 1 mmole) was added first and then NaBH4
(0.185 g, 5 mmoles) added portion wise during I hr.
The reaction mixture was then stirred for further 4 hr.
After completion of reaction (TLC) the solvent was
reduced to one-fourth its volume under reduced pres-
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sure, diluted with ethyl acetate and the organic layer
was washed successively with water (2x 10 mL) and
brine (10 mL). The organic phase was dried over
Na2S04 and evaporated to get a mixture of cis- and
trans-piperidones 9 and 10 as pale yellow solid
(0.205 g, 80%, m.p. l32°C). Attempts to separate
them by chromatographic techniques using alumina,
silica, cellulose, polyamide failed. However, re-
peated fractional crystallisation using a mixture of
CH2Ch and hexane yielded crystals enriched (90%)
in trans- isomer 10 for which Xvray data was re-
corded. Enriched cis-isomer 9 was obtained from the
mother liquor. Following values have been derived
from the spectra of the enriched samples.
cis'-4,6-Di(3-pyridyl)-2-piperidone (9). I R
(KBr): 3050, 2940, 1650, 1580, 1450, l320, 1280,
1150, 1110, 1080, 1010 ern"; IH NMR (400 MHz):
s 1.91 (q, IH, .1=13.18 Hz), 2.40 (dm, IH, J=13.18,
4.88, 3.91, 1.95 Hz), 2.57 (dd, IH, .1=17.58, 12.70
Hz), 3.31 (tdd, IH,J=12.21, 4.88, 2.93 Hz), 4.75 (dd,
IH, .1=11.72, 3.91 Hz), 6.28 (br, s, IH, NH), 7.26-
8.61 (m, 8H, Ar-H)(Found: C 71.12, H5.84, N 16.39.
CIsHISN30 requires C, 71.24; H, 5.97; N, 16.59%).
trans-4,6-Di(3-pyridyl)-2-piperidone (10). m.p.
142°C; IR (KBr): 3045, 2950, 1645, 1575, 1465,
1290, 1165, 1115, 1070 ern"; IH NMR (400 MHz):
02.17 (ddd, IH, .l=l3.76, 5.37, 3.91 Hz), 2.41 (ddd,
IH,J=13.67, 9.76,5.36 Hz), 2.63 (dd, IH,.I= 18.07,
8.78Hz), 2.78 (ddd, IH,J=17.58, 4.88, 1.95 Hz), 2.84
(dd, IH, .1=18.07, 4.88 Hz), 3.20 (m, IH, J=l3.67,
9.76,5.36 Hz), 4.72 (td, IH, .1=5.37,2.44 Hz), 6.51
(br, s, IH, NH), 7.26-8.61 (m, 8H, Ar-H).
cis'-2,4-Di(3-pyridyl)piperidine, anatalline (1).
To a stirred solution of enriched sample cis-2-piperi-
done 9(0.126 g, 0.5 mmole) in dry THF, LAH(0.080
g,2 mmoles) was added at room temperature. The
reaction mixture was heated under reflux for 12 hr
and quenched with ethyl acetate after cooling. Then
the solvents were removed under reduced pressure.
The residue was diluted with CH2Ch (20 mL) and 2(a)
water (10 mL). The aqueous phase was extracted with
CH2Ch (2xl0 mL) and the combined organic layer (b)
was washed with brine (10 mL), dried over Na2S04 3
and concentrated to result in a dark brown liquid,
which was subjected to column chromatography us- 4
ing alumina (eluted with CHCh and MeOH) to afford
0.04 g (35%) of anatalline (1). IR (neat): 3385 (br), 5
2960, 1585cm-l; 'H NMR (300 MHz): 0 1.61 (q, IH,
J=12.3 Hz, C3ax-H), 1.72 (m, IH, Csax-H), 1.84 (m, 6(a)
IH, Cseq-H), 1.92 (m, IH, C3eq-H), 2.75 (tt, IH, (b)
.1=11.93, 3.65 Hz, C4ax-H), 2.91 (td, IH, J=I1.73,
2.56 Hz, C6ax-H), 3.30 (dt, IH, J=I1.90, 3.65Hz,
C6eq-H), 3.40 (s, IH, NH), 3.75 (dd, IH, J=10.96,
2. 19Hz, C2ax-H), 7.1-8.6 (m, 8H, Ar-H); l3C NMR
(125 MHz): 032.85 (C-5), 40.89 (C-3), 41.94 (C-4),
47.2 (C-6), 59.61 (C-2), 123.47, 123.55, 134.16,
l34.19, l39.76, 140.90, 147;86, 148.62, 148.9.
HRMS (EI) m/z: Calc. for CIsH17N3: 239.1424;.
Found: 239.1420. .
trans-2,4-Di(3-pyridyl)piperidine (11). Reduc-
tion of enriched sample of trans-2-piperidone 10
(0.06 g, 0.25 mmole) with LAH (0.04 g, 1 mmole)
following above procedure resulted in 0.03 g (50%)
of trans-2,4-di(3-pyridyl)piperidine 11 as a viscous
liquid. IR (neat): 3350 (br), 2960, 1580 ern"; IH
NMR (.300 MHz): 0 1.97 (rn, IH, Csax-H), 2.14 (m,
IH, Cseq-H), 2.19 (m, IH, C3ax-H), 2.30 (m, IH,
C3eq-H), 2.97 (m, IH, C4ax-H), 3.02 (m, IH, C6ax-H),
3.66 (dt, IH, .l=l3.8, 6.1 Hz, C6eq), 4.16 (t, IH,
J=5.09Hz,C2eq-H), 7.2-8.6(m,8H,Ar-H); l3CNMR
(100 MHz): 034.2 (C-5), 37.8-(C-3), 41.8 (C-4), 52.9
(C-6), 58.2 (C- 2), 124.3, 124.6, l35.2, l35.6, 138.9,
l39.3, 148.5, 149.1, 149.3, 149.8. HRMS (EI) m/z:
Calc. fOrCISH17N3: 239.1424. Found: 239.1419.
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